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Due to its importance, the introduction of phenyisekno group in organic molecules has been widely 

studied in recent years.1 To this purpose in addition to PhSeCl and PhSeBr many novel reagents were used, such 

as pheny1selenenic acid,2 N-phenylselenophtalimid~ and N-phenylselenosu&nimiuccinimide.4 

Particularly, diphenyl diselenide was found to react with several oxidizing agents in presence of alkenes 

and in various solvents to give fMiumtionahzed alkylphenyl selenides. Ammonium peroxydisulfate showed to be 

the most efkctive oxidant of PhSeSePh. 5-9 The mechsnism of oxidation is thought to proceed through a single 

electron transfer (SET) process that produces the radical ion [PhSeSePh]t as intermediate, which kther evolves 

into the reactive electrophilic phSe]+ species. The nuxessr ‘ve addition of tire latter to olefinic double bond in 

nucleophilic solvents or in presence of various nucleophik leads to the synthesis of various classes of O@C 

compounds. NevertMess. other oxidants were not so e&ctive in the oxidation of PhSeSePh, and the results 

obtained in the fbnctionahzation of most olefhrs were unsatiskctory. Therefore the finding of new experimentd 

conditions to carry out the oxidation of diphenyl diselenide was a really important target. 

Considering the hyphotesis of a SET mechanism operating in the oxidation of diphenyl diselenide by 
pera me decided to investigate the reactivity of known SET reagents towards PhSeSePh in methanol 

inpresenceofokihls. 

The reagent we chose was ceric ammonium nitrate (CAN) that is known to be a good oxidant hr this 

solvent. First, diphenyl diselenide was treated only with CAN in methanol at room temperature (PhSeSePh and 

CAN were in a 1:2 molar ratio), showing the disappearance of the former in f&v hours. 

The formation of not isolable polar selenium species was evidenced by the formation of a spot at Rf = 0 on 

TLC plate. PhSeONOz is probably one ofthe involved speoies, and the possible path of its formation is depicted 

in Scheme 1. 

The addition of oleflns to this reaetion mixture resulted in the fbrmation of j%methoxyalkyi pheqdselenides 

in low to modest yields. On the other hand, when cuic ammonium nitrate was added in one portion to a solution 

of alkene and PhSeSePh in methanol the reaction showed to be really fast, leading to the synthesis of the 

expected ~methoxyallql phenylselenide. 
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The best yields in the shortest reaction times were obtained employing alkene, PhSeSePh and CAN in a 

1: I:2 molar ratio. Yields markedly diminished when reagents were used in stoichiometric amount (2: 1:2 molar 

ratio). This seems to be due to side oxidation processes of diphenyl diselenide by CAN. 
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Results obtained in the methoxylation of various alkenes are summarized in Table 1. Any attempt to 

improve the yields by increasing the reaction time was unsuccessful. 

1 2 3 4 R=Me 5 
6 R=H 

7 8 9 10 11 R,=&=H 

12 Rr=Y%-Ph 

13 R,=Ph,%==H 

The reaction was highly regioselective when carried out on trisubstituted oletins, activated alkenes (such as 

phenyl substituted oletins) or enol ethers, always leadii to a Markownikoff orientation. 

Moreover, the intermediacy of a cationic selenium species was proved by the particular stereochemistry of 

tInal products. As a matter of fact the reactions of cyclohexene, cyclooctene and stilbene with CAN and 

PhSeSePh afforded compounds 1, 2 and 12 respectively, identical to those obtained by reaction of the same 

alkenes with PhSeCl (known to give anti addition products) in methanol. 

The use of CAN together with PhSeSePh as selenilating agents is convenient because diphenyl diselenide is 

cheaper and less toxic than PhSeCl or PhSeBr. Ceric ammonium nitrate showed to be a good oxidant for 

diphenyl diseienide and the amount of P_methoxyalkyl phcnylselenides obtained was dependent on the nature of 

the olefin we used. Experimental conditions were mild and reactions went to completion in short times. 

In most cases yields are comparable to those obtained using ammonium peroxydisulfhte as oxidants-9 
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Table 1. Reaction of Olefins with CAN End PhSeSePh in Methanol 

Alkene Pr&ct Reat!tiantime(lw) khhb (%)a 

Cyclohexene 

Cyclooctene 

Methylelle- 
cyclohexane 

T-O” 

?- 
H 

-0I-I 

c-3 I 
0 

n I 0 

n I MC0 0 

StylUle 

transatilbene 

l,l-DiplIenyl- 
ethylene 

6 

7 

8 

i 

9 

10 

11 

12 

13 

0.5 

0.5 

0.5 

3 

3 

1.5 

3 

14 

3 

14 

1.5 

14 

93 

72 

60 

65 

50 

97b 

75 c 

53 

39d 

48 

65 

8oe 

62 

a)Yieldsarewferredtoisolat&purepmdwtsandarecakulaW ontheinitialamamtofolefiq 
b) Eiyth&thvo miuture: C) cishons mixturq d) Diartcnomaic xnixtuq e) By&m form 

In 8 typical experimental procedure, 2.0 mmoles of alkene were placed in 30 ml of anhydroua methanol 

under an argon athmosphere; then, PhSeSePh (630 mg 2.0 mm&s) and c&c ammonium nitrate (2.20 g, 4.0 

mmoles) were added, and the resulting mixture was kept under stirring at room temperature until its orange 
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colourturnedinpaleyellowortotallydieappesrsd. Waterwasaddedandtbamat&mokfractionwasremoved 

under reduced pressure. The residue was extracted with CH#l, (3x50 ml) and the organic phase dried over 

NapSO,; removal of the solvent “in vacua’ afforded an oily residue, which was puritied on a silica gel column 

eluted with light petroleum ether/Et20 to give pure products. 

The use of CAN as an oxidant of diphenyl diseknide is not restricted only to the methoxylation reaction of 

alkenes.Inthe experimental conditions above mentioned also alkenes with an intemaI nucleophile react to give 

seknilated cyclic compounds. 

In this way 2-cyclopentene-l-acetic acid and 5-hexen-2-01 were trsnsfonned into the -y&ctonic compound 

14 and fivemenkred cyclic ether 15 in high yields (72% and 83% respectively) and in short reaction times 

(0.5h). 

Y-0’ 
PhSk 

14 

Starting from these resultq this method 

15 

seems to be very promising and suitable to improve the 

transformations of olefins already described in literature and carried out with PhSeSePh and other oxidizing 

agents. 
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